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SUPPLEMENT 


Geometrical Dialling, &c. 


CHAD. I. 


Of ſuch Circles of the Sphere, as are deſcribed 
upon Sun-Dials. 


Any Affronomical Contluſions may be per- 
formed by deſcribing of the Circles of the 
Sphere upon Dial-Plains ; of wich I have 
here made choice of thele following : 
x. The Parallels of the Signs, ſhewing in what part 
of the Zodiack the Sun is at all times of the year. 
2. The Diurnal Arches, ſhewing the length of the day 
and night throughout the year. 
3. The Hours from the Sun's Ri/ing, or Setting ; or the 
Babyloniſh and Italian Fours. 
4- The Ynequal, Jewiſh , or Planitary hours. 
5. The Azimuths, or Vertical Circles, ſhewing in what 
quarter of the World, or upon what Point of the Mariners 
Compaſs, the Sun is at all times of the Day. 


Az 6. The 


fi Geometrical Dialling. 

6. The Almicanters, or Circles of Altitade ; whereby 
the Proportion of Shadows to their Objects, or the Sus's 
height may be known. 

Of theſe ſome are great Circl?s of the Sphere, others 
ſmall! : The great Circles in all Plains are repreſented by 
ſtreizht lines, as the hour lines themſelves arc: The /effer 
Circles are deſcribed by Conick Sefions ; and they are ei- 
ther Parabolas, HHyperbolas, or Ellipſes : Only the Parallels 
of the Signs, and the Diurnal Arches in Polar Dials, and 
the Parallels of Altitude in 7ſorizontal Dials, and pertect 
Circles. 


CHAP. IL 


Tlow to deſcribe the FquinoQtial, the two Tropicks, 
ard other intermediate Parallels of Declination, «pon any 
Dial Plain. 


He two 7ropicks being the Boundarics of the S's 

Courſe, (for he never exceeds thoſe Limits.,) 1 

count it beſt, firſt to ſhew how they may be deſcribed ; for 

that between them all other Circles (either great or ſmall) 

muft be proje:ted, and the manner of deſcribing them 
upon feveral Plains is various. 

In a Polar Dial they are perfet Circles, and fo are ex- 
ſily deſcribed by Circles drawn about the foot of the per- 
pendicular ſtile; in all other Plains they are Seitions of 1 
Cone. 


I. I» the Equinodtial,. and dire Eaſt or Weſt Dials. 


Let an Example be of a dire Faſt Dial in the Lati- 

tude of 514. 32 m. 
How to deleribe the hour-lincs upon tieſe Plains is 
ſhewed in the ſixth Chapzens! plus Book, Wherefore fucl 
"1, a Diab 
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Geametrital Dialling. x 
a D:al being drawn as in Figure I. through the foot of the 
per/endiculir ſtile at E, draw a right Line M EN, Parallel 
to the Horizon; for the Horizomtal Lins, in all-Plains, 
muſt be drawn through the foat of the perpendicular /tile, 
and alſo through the Point where the Fquinodtial Circle 
croſſeth the Four-Line of Six. Your Dial, with the Equi- 
nottial Line thereof, HE S, being drawn , come we to 
deſcribe the 7ropicks: To ctfe&t which, 

Firſt, Upon a piece of fine Card-Pai-Board draw a 
right Line OR, as in Figure I. repreſenting the Fquz- 
noltjal Line in your Dial; and (becauſe the Tropicks are 
23 deg. 30 min. diſtant trom the Equinoctial) witi 60 deg, 
of your Cherds, upon the point O, deſcribe an Arch of a 
Circle, and upon it ſet 23 deg, 3o min. from R to S, and 
draw the Line O'S, repreſenting the two 7ropicks ; and 
this Angle SO R, I call a 7rigor. 

Secondly, Out of your Dtal take the length of the per- 
pendicular Stile E G; and ict- it upon the 7rigon from O 
to P, and draw the Line P 6 perpendicular to OR : Allo 


Take the di- f 7) withthe Equi- \ 4} 23 | per- 


ſtance fromG, | 8] noctial, and | r "wo |» 8| per 
to the Interſe-4 9 $Sſet them upong s "x wag 48 0 Fat 
Qion of the | 10|the Trigon|e |7- |? 10] larto 
Hour-Line of{ 11 j from O, to (vy ":» 11;OR. 


Having thus prepared. tle 7rigon, out of it take: the 
diſtance P 6, and ſet it upon the 6 a clock howr-line, trom 
E toc : -— Allo take the diſtance q7, and ſet it upon 
your Plain from V to þ, and trom VII to 4d: — Allo take 
r 5, and ſet it on your Plain from IV to a, and from VIIE 
- to e:—— Likewiſe take the diſtance s 9, and ſet it upon 
your Plain from IX to f: Allo take the diſtance 10 
t, and ſet it from X to g — Laſtly, take v 11, and ſet it 
on the Plain from XI to þ. 


Thele 
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TheſePoints a, 6, c, d, e, f, g, h, are the Points through 
which the Tropick of Cancer muſt be deſcribed ; wherefore, 
if through them a line be drawn with an even hand, ma- 
king no Angles,that ſhall þe the 7ropick of Cancer. 

The Tropick of Capricorn may be deſcribed in the ſame 
manner, for if from your 7rigon you take 


 W , VIIT + 

; 9 $( And ſetit upon your JIX + / 

The diſtance 10 #{ Dial-Plain from — 
. 8. 4 


Thoſe ſhall be the Points tlirough which the Tropick of 
Capricor# muſt be deſcribed; wheretore if through & / m », 
a fine be drawn with an even hand, it ſhall repreſent the 
Tropick of Capricorn : 


And whereas I ſaid before, that the two Tropicks are 
the Boundaries of the Sun's Courſe, you are ta Note, 
That 


WhenK Capricorn, Decem.11.Jthe ſhadow of the 
the J Aries, or( which JMarch,1o.C top of the Stile will 
Sun JLibra, ( isabout Sept. 12.{ paſsalong thoſe re- 
is 1n Ccancer, June, 11. Jipedtive Lines. 


And _— to this Method may any other intermc- 
diate Parallels of Declination be inſerted ; as for Example : 


Suppoſe-I.would inſert the Parallels of the San's entrance in- 
to the 12 Signs, Aries and Libra are inſerted already, alſo 


Cancer and Capricorn ; for the reſt, as when the Sunenters 
into 


Taurus, 
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- Taurus, 


pac E” Sun hath 11deg. 30 min. 
Piſces, 
Gemint, { 

Leo, AEtheSunhath 2odeg.12min. 
Sagittarius, 

Aquarius, 


of Declination, 


Wherefore take x1 deg. 3o min. and 20 deg. 12 min. 
out of your Line of Chords, and fet them upon Arch R $ 
of your 7rigon, from R to V and XN, and draw the two 
Lines OU and OX. 

Theſe Parallels being thus put into your 7rigen, they 
may. be transferred into the Dzal Plain, in all reſpects, as 
the Tropicks were; and as you fee done in the Figure. 


Il. 7x a Direct North or South Dial. Figure IIL 


Having drawn your Dzal as 1s taught in Chapter V. to- 
gether with the Stz/e, your firſt work muſt be to propor- 
tion your Stile to your Plain; which to doe, aſſume any 
convenient point in the Sub/tile (here the Line of XIT) for 
the farthermoſt 7ropick, as here the Point & ; then the 
Stile's height being 38 deg. 28 min. add 23 deg. 32 min. 
thereto, the Summ 1s 62 p< and that isthe Meridian Alti- 
tude of the Sun when he enters Cancer, and the Comple- 
ment thercot is 28 deg. wheretore, upon the Point Can- 
cer, make an Angle B S A to contain 28 deg, fo ſhall the 
Line gs A cut the Axis of the Stzzle OA, in A; then 
trom A tet fall a Perpendicular to Os, as AB; and fo 
is your S7i/e proportioned to your Plain; and the Line -C 
BD, (being drawn Parallel to the /forizon, through the 
Point B; ſhall be the Eorizontal Line of the Plain. 


This 
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This done, prepare a 7rigon, as FigureTV. in whicl 
make EF -equal to O 4A, and F G equal to OB, and EG, 
to A B, the Trianzle EFG in the 7rigon, equal to the 7ri- 
angle of the Stile O A B in the Dial. 

From the Point E draw a Perpendicular to E F, as E 
12, for the Fquinoftial; and upon E, with 69 deg, of 
your Chord delcribe an Arch H 12 L, and upon it ſet 23 
deg. 3o min. from 12 to H and L, 4 drawing the Line 
E H for the 7Tropick of Cancer, and EL for the 7ropick of 
Capricorn : 

Draw the Su4/tilar Line F G quite through the 7 rigor, 
crolling the Eqrinottial in a, and both the 7 ropicks. 

This done, out of your 7rigon take the diſtance from F 
toa, and ſet it upon the Dzal plain from the Center O to 
c, through which Point c draw the right Line Y c = for 
the Equinottial : Then from O, the Center of your Dzal, 
take the diſtance ro the interſection of the Z7/our-Line of 
11 or 1 with the Equinofzal, and ſet that diſtance upon 
the 7rigon from F rob: — Allo take the diſtance Iron O, 
to the interſe&tion of the Hour-Line of 10 or 2, and ct it 
from Ftoc : —— Likewiſe the diſtance from O, to thein- 

terſetion of the Hour-Line of 9 or 3, ſet from Eto: 
—— And laftly, the diſtance from O, tothe interſeftion 
of 8 or 4, with the Equinoftial, ſet fromF toe ; and draw 
the Lines Fa, Fb, Fc, Fd, Fe, through the 7rigor, 
marking them with 12, 11, 10,9, 8 and 1, 2, 3, 4, Oc. 

Now to find the Points upon the Plain, through which 
the 7ropicks muſt pals ; 


2 
a \7 on the( 12 


111 reach from 
The Diſtance JT TC Ia Þ| 
ance I, SO, the Center of Hour 


trom F to gz C Lines )10 


S:.-4 


9 the Dial, to b Yor 


Through 
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Through which points the 7ropick of Cancer muſt be 
drawn with an even hand : And, 


I12will reach. Y cs 23 
The dif N x/ from Ohe\ & Jupon theh 1: I 
ſtance from4 2 > Center of& {\ Hour - lines” ro 2 
F to ;Cthe Dial, /m\, of / 4 
4-to v ER 


Through which Points the 7ropick of Capricorn muſt 
be drawn. And thus have you the Fquinedtial, and the 
two Trepicks, deſcribed upon a direct South Plain. 


II. Flow to deſcribe the FquinoCtial, aud the two Tro- 
picks into avy Upright Declining Plain ; or into ſuch 
as both Recline and Decline. 


Our Example ſhall be in an 2pright Plain, declining 
from the South Weſtward 30 deg. The making of thelc 
Dials is taught in the VH. and ViII. Chapters of this Book : 
Wherefore, having drawn ſuch a Dial, with the Szile and 
Subſtile in a due Poſition, you ſhall -find the height of the 
Stile to be 32 deg. 36 min. | 

Firſt, Make an 7orizontal Dial for the Latitude of 32 
deg. 36 min. as is the Declining Dial Fig. V, where the 
Subjtilar Line is taken for the Hour-Line of 12, as it 1s 
there marked, and the other Pricked-Lines, and the Hour- 
Lines of an #/orizontal Dial for the Latitude of 3z deg. 36 
min. Now, if according to the dire&tions of the forego- 
ing Section, you make a 7 rigon, and inſert the Fquinottial 
and Tropicks; and afterwards expunge the obſcure Lines of 
the Horizontal Dial, the Equinottial, Tropicks, and Hort 
zontal Line will be the fame, as if they had been inſerted 
trom the true Hour-Lines belonging to the Plain. 


B And 
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And as the Trepiks were deſcribed, fo likewiſe may the 
Parallels of the Sun's Entrance into the other Signs, 


be inſerted, if into your 7rigon you put the Arches of 


their Declinations from the Equinedtzal, namely 11 
deg. 30 min. and 20 deg, 12 min. And ſoare the Pa- 
rallels of the Signs put into this Dial, Fig. V—— 

And in any Dial alſo may the Diureal Arches be deſcri- 
bed, if you put into the 7rigow fuch Declinations as 
the Sun hath from the Equinoial, when the Day is 


Hours 
r6 55 
— YZ 
/ 3 | 5 55 
Iz L ©0 00 
And fo are the Diurnal Arches put into the South-Plain, 
repreſented by the Pricked lines there, in Fig, Ill, and the 


Trigen thereunto belonging Fig, IV. 
p. IN l : ER IPs, 


— 


CHAP. IIL 


How the Hours from the Sun's Riſing and Setting are to be 
mſcribed into all ſorts of Dial-Plains. 


He Hours from Sun-Rifeug are called the Babyloniſh 


Hours, for that they begin their Day at the Sw's 
Kijing; and the hours from Sun-Setting are called the 7tal:- 
ow hours, for that in ally they account their 7rme from 
the Setting of the Swe the day ng. 

The manner how to inſcribe theſe hours, is the fame in 
all Plains, and is eaſily performed: And becauſe that up- 
on 


a2 "hd 
* + = E Pl 
- _ = 


» 6.0tae We 


* © ttbate. 
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on 2 full Soxth, or Horizontal Plain, they willappear moſt 
unifarm ; I have therefore made choice of a dire Soarh 
Dial, as is Fig. II. to inſcribe them : 

Your Dial being drawn, and the Equimettial, Y =, the 
two 7 ropicks,and © &,and ? ©, and the Z/orizontal- Line, 
San Riſe, Swn Set; you muſt (by the laſt Chapter ) de- 
ſcribe two obſcure Parallels of Declination, one when the 
Day 1s 8 hours long, as©2 8 ©, and the other when the 
Day is 16 hours long, as # 16 F, the FEqsinotta! being 
the Parallel when the Day is 12 hours long, 

Being thus far prepared, the inſcription of thefe howrs 
will be very caſie ; tor it is phin, that when the day is 
but 8 hours long, that the Sw riſes at 8 in the Morning ; 
and the firſt line after the Swn's Riſing is 9 in the Morning; 

Alſo when the day is 12 arkes. the Swe Riſes at 
6 in the Morning, and the firſt hour after is 7 in the Mor- 
ning; —— Laſtly, When the Day is 16 hours long, the 
Sux riſes at 4 in the Morning, and the next hour after is 


5 in the Morning : And all thereſt as in this Table. 
— ſtreight line _— 
t the interſections Length of the Day. 
theſe hour-lines, with the P |" VIITTXT) 
rallels of 8, 12 and 16 hours, _ 
ſhall be the firſt hour after the m | Y : ; 
Sun Rifing all the year long, EX IM | xx 

In like manner, if you would [|= IV 1 9 : 
inſert the ſeventh hovr after |3 V o apt 
the Sun Rifiug : By the Table |? = |. wa 2. 
you ſee, that inthe Parallel of | & VII wat 
VIE hours, tor the lengeth of [> yo 4 Bog 
the Day, the ſeventh hour |E IX 4 Rok es 
from Sun Rifeng is 3 in the af- |Y X : A She 
ternoon ; therefore obſerve XI | + | M 
where the hour-line of 3 croſ- LALSLLS 
ſeth the Para/el of VIII hours, which is at a. Allo 


by the Table you ſee that in the Paracel of XI hours, for 
B 2 the 
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the length of the day, the ſeventh hour from Sun-Rifing 
iS 1 in the Afternoon; wherefore obſerve where the hour- 
line of I crofſeth the Fqaimotial , which is at 6. 
Thirdly, By the Table you ſee, that in the Paral/tl of 
XVI hours, for the length of the Day, the ſeventh hour 
from the Sun's Riſing is 1x inthe Forenoon ; and therefore 
obſerve where the hour-line of XI croſſceth the Parallel of 
XVI hours,for the length of the day, which isat c ; ſo ſhall 
a right-line,drawn through theſe three Points, a, 6, c, be the 
ſeventh hour after the Sun's Riſing throughout the year : 
And thus by help of this little Table, may all the hour-lines 
from the Sun's Riſing be drawn as you ſee them drawn, and 
numbred, as in Fig, Il. 

In the ſame manner, as the hours from the Sun's Riſing 
(which are tie Babyloniſh hours)were drawn, may the hours 
from the Sun's Setting (which are the /ra/zax hours) be 


drawn : The difference being only in the numbering of—- 


them ; the hours from Sun-Riſing being numbred from the 
Weſt end of the Horizontal-line, by 1, 2, 3, 4, 5, 6, 7,8, 9, 
10: And the hours from Sun-Setting from the Ea/t end of 
the H/orizental-line backwards, by 23, 22, 21, 20, 19, 18, 
17, 16, 15, 14, 13; all which is evident in the forenamed 
Fig. HL 


COROLLART. 


The hour-lines from Sun-Riſing and Setting being de- 
icribed upon any Dtal-Plain, as 1s before taught, there will 
by their correſpondent interſeCtions one with another, be 
Points produced, through which if Lines be drawn with an 
even hand, the ſame ſhall be the Parallels of the Length of 
the Day, andfuch are the Pricked Lines in FigureIll, num- 
bred upon the Meridian-Line of the Dial, by 8, 9g, 10, 
11,12, I3, 14, I5, 16. 


CHAP, 


bu 
| 
po 
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CHAP. IV. 


Of the Jewiſh, or O!/d Unequal, or Planitary-hours, and how 
they may be inſcribed upon any Dial-Plain. 


He Ancients account of their day, was from the Sun's 
Riſing in the Morning, till it's Setting in the Eve- 
ning, Docs of time they d:d divide into twelve e- 
qual Parts, were it long or ſhort : So that in the Summer 
all that time that the Sun hath North-Declination, the hours 
of their day were longer then a Common equal hour ; and 
in the Winter, when the Sun hath South-Declination, the 
hours of their day were ſhorter than a common hour ; but 
when the Sun is in the Fquinotial, their hours are equal. 
to our Common hours. 
The Inſcription of theſe hour-lines intoall ſorts of Plains 
is very eaſe, being much like the Inſcription of the /ralian 
and Babyloniſh hours,taught in the laſt Chapter. 
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EquiiThe Paral- Having drawn your 
I rh of 9g] Dial, with hours, halfs, 
4 F 


[. ; and quarters ; and al- 

. Min! lo Min lo the Equinottial R 
s adv 10 x5 fe two Tropicks, 
” FJ } © and Horizontal Line ; 

n y 45 and alſo the Paral- 

+ 5 « - bs lels of the length 

45|11 'S « x5} of the day , as 1sS 

of 12 Irs of done in Figure VI, 

is 10 45 which is a South Dial 

oO z | zo declining Ea/tward I'S 


I 
deg, you muſt make 
y « of Choice of two Paral- 
"15 -| lels of the length of 
Y 3 | 3 = the Day, which muſt 
iD BH BY q both of them be equi- 
diſtant from the Equino&tial, which let be the Paralels of 
9 hours, and 15 hours, for thoſe two Parallels are moſt 
convenient for this purpoſe ; becauſe the Jewiſh hours in 
thoſe Parallels will juſtly fall upon the even hours, halts, 
or quarters : Now the Points through which the Fewi/h 
hours are to be drawn, this Table will dire&t to; wherein 
you ſee, that the firſt Fewiſh hour is to be drawn through 
5 hours, 45 min. in the Parallel of x5 hours, through 7 in 
the Equinottial, and through 8 hours and 15 min. in the 
Parallel of g hours : In like manner the ſecond 
Tewiſh hour muſt be drawn through the interſc&ion 
of the 7 hours in the Parallel of 15 hours, through 
8 in the Fyquinottial, and through 9 in the Parallel 
of 9 hours: And ſo muſt all the reſt of them be de- 
ſcribed as the Table does dire, and as you fee done in 
Figure V. And-in this manner, by help of this Table, may 
they be deſcribed in all forts of Plains, whither Direct, Re- 
clining, or Declining, 


CHAP. 


| 
o 
Þ 
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CHAP. V. 


How the Azimuths, or Vertical Circies, are to be inſcribed 
«pon Dial Plains. 


e Azimuths are great Circles, and being Projeded 

upon all Plains, become ftreight Limes ; and = 

are variouſly deſcribed, according as the Plain is ſituated ; 
particulars of which follow. 


SECT. I. 
On an Horizontal Plais. 


N theſe Pſains theſe 4zimuths are moſt eaſily inferted : 
For, your Dial being drawn, with the Tropicks and 
Azimutbs thereupon, youths no more to doe, then up- 
6n the foot of the icular Stike at O (in Figure VII) 
as a Centre, to deſcribe a Circle, as S ®, NS, which you 
may divide into 32 equal Points (beginning at N) antwe- 
ring to the 32 Points of the Mariner's Compaſs, (or 
elſe you may divide it into go equal parts, or degrees,) 
noted with * * *, &r. and through thoſe Points draw 
ftreight Lines from O, the foot of the perpendicular Stile, 
and they ſhall be rhe true Azimuths upon the Forizontal 
Plain; which you may denominate by South, Sby E,SSE, 
S E by S; &c. as you fee done in Figure VIL 


SECT. 
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SECT. II, 
7pon an Fre, Direit Eaſt, or Weſt Pliin, Figare /. 


Aving made an Eaſt Dial, and therein inſerted the 
Equinottzal, the two Tropicks, and the /forizon- 


tal;Line, you may proceed to the Inſcription of the Az 
muths in the manner following, 


Upon the Point E, of the Horizontal Line of the Plain . 


MEN, ercdt the Perpendicular E Q, equal to E G, ( the 
height of the Stile of your Dial,)and upon Q, asa Centre, 
deſcribe the Quadrant Q_E L, and divide it into cight e- 
qual parts, repreſenting one quarter of the Mariner's Com- 
paſs, and from Q_, through thoſe Points, draw Lines to 
the Horizontal Line M EN, noting them with ©@ © © 
© © ; from which Points let fall Perpendiculars from the 
Florizontal Linc , and they ſhall be the Azimuths between 
the South and the Eaſt ; —— And for thoſe Points which 
fall ketween the Baſt and the North ; namely Eby N, — 
ENE, ——N Eby N, ——- the ſame diſtances being (ct 
upon the Z/orizontal Line from E, towards the Left hand, 
as the three firſt Azimuths, E by $, —— ES F, —S EbyeE, 
were towards the Right hand, ſhall give the three Points 
© © © on the Left hand of E; through which Points alſo 
Lines drawn Perpendiculay to the Forizon, ſhall be the 
Azimuths, or Points of the Compaſs between the Eaſt and 
the North: As in the Fig, I” And as the Eaſt Dial contains 
the Azimuths between the South and the Faſt: The Weſt 
Dial muſt contain thoſe between the South and the Weſt. 
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SECT. 1IL 


pon a direit South upright Plain. Figure 11]. 


He Dial, with the Equinodial, the two Tropicks, and 
the Horizontal Line deſcribed thereon, the Azi- 
muths may be inſerted thereon as followeth : 

Firſt, Take the length of the perpendicular Stile of your 
Dial AB, and fet it upon the Mer:idianof your Dial trom 
B to G. 

Secondly, With the diſtance G B, upon G, deſcribe 
the Semicircle E BF, which divide into 16 equal parts, (if 
you will,) but I have here divided it but into 8, to ſhew 
the manner of the Work, in the Points ** * * &c. through 
which Points from G, draw obſcure lines, extending 
them till they touch the orizontal Line of the Plain 
CBD; now if from theſe Points of touching you draw 
lines perpendicular to the Horizontal Line between the 
Tropicks, or Parallel, to the line of 12, they ſhall be the 
Azimuths required. 


I have not drawn the lines themſelves in this Fig. 
NI. becauſe the Plain is full enough of Lines 
already. 


SECT. IV. 
7pon a South Declining Plain. Fig. VI. 


N Example ſhall be of a South Plain, declining 
Eaſtward 15 deg, 

Such a Dial being drawn, and the Equinottial Tropicks, 

and the ZZorizontal Line inſcribed thereon : U pou! the 

C int 
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Point B of the #ſorizontal Line erect the "Lorry 
BC, equalto BO, the perpendicular Stile of your Dial ; 
upon Which Point C deſcribe” the Semicircle RBS ; 
which done, lay a Ruler to C,' and the Point ©, where 
the hour line of 12 croſſeth the Horizontal Line,and where 
the Ruler cuts the Semi-circle RB.S, at that Point ” 3 
to divide it into 16 equal parts, at the Points *** &:. 
and from the Center C draw lines through thoſe Points, 
extending them till they touch the Z7orizontal Line 
DE, in the Points abcdefghiktand/, through 
theſe Points right lines being drawn Paralle! to the Merz. 
dian, ſhall be the Azimuths deſired , which you muſt 
number according to the ſituation of the Plain : Namely, 
the Weſtern Azimwhs on the Eaſt fide of the Meridiay, 
and the Eaſt Azimuths on the Weſt fide of the Meridjan, 
as you ſee them numbred in Fig. VI. 


mm 


— 
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CHAP. VL 


Flow to inſcribe the Circles of the Sun's. Altitude into 
Dial-Plains. 


He Almicanters, or Circles of Altitude, in the Sphere 
have the ſame habitude to the Azimuths, or Ver- 
rical Circles,. as the Parallels of declination have to the 
Meridians, or Hour-Circles: And therefore, the EFquinoc- 
tzal it ſelf, and all the Parallel» of declination in- a Po- 
lar Plain, and perfet Circles, and ſo are the Almicarters, 
or Circles of Altitude, upon. an Horizontal Plain, as in 
Fig. VIL | 
Hlerizontal Plains, which: lie Parallel to the Horizon, 
have the Zenith for their Poles ; ſo that for the inſcripti- 
on of them upon theſe Phins, the foot of the perpendicu- 
Gr Stile muſt be the Centre upon which. to deſcribe 


For 
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For the Numeration of theſe Circles when they are 
deſcribed, there are two ways moſt in Uſe; The one by 
_ Minutes of the Sun's Altitude , the other - 
cording to the proportion that the height of atiy upright 
Objet (as a Houſe, Steeple, &c.) degrons the ſhadow ot it: 
The laſt of which I have here followed in this Figure VIE. 
where the Circles of A/titade are equal, double, triple, and 
quadruple to the Altitude of the perpendicular Stile. 

The —_— of theſe Circles into all other Plains, 
are, in 2 kind, the ſame with the inſcription of the Parat- 
lels of Declination : Only, whercas in inſcribing of the 
Tropicks, and other Parallels of Declination, you take the 
Hour-lines out of the Dial-Plain, and put them into a 
Trigon ; ſo inthe inſcription of theſe you muſt take the 
Azimuth Circles out of your Plain, and put them into a 
Trigon, and from thence transfer them back again to your 
Plain, as in the other : And as the Hour-lines in the other, 
muſt be firſt drawn upon the Plain ; fo in this muſt the 4- 
zimuths be firſt inſcribed: And becauſe theſe Circles of 
Altitude are ſmaller Circles of the Sphere, as the Tropicks 
and Parallels of Declination were, they will upon all 
Plains (the Forizonta! excepted) be Conick Seftions. 


_« 
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CHAP. VII 


A General and Faſie way to project Hour-lines upon all 
kind of Superficies, without any regard had to their 
ſtanding, either in reſpect of Declination, Reclination, 
or Inclination. 


F a Point be aſſigned upon any Superficies, Flat, or 
Curved, one or more, wherein the Hour-lines and 
Axis ſhall concur; how to projet the Hours to that 

Point, and to ſct up an Axis after the ordinary manner to + * 
C 2 give 
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give ſhadow to tl.em, without any knowledge how the 
Dial ſtandeth in reſpect either of Reclination, Declination, 
or Inclination. 

Firſt, To the Point aſſigned (upon any fide of it) 
by help of a Semi-circle, or other Level, ſtretch out 
an Zorizontal Thred, ſerving for the orizontal-line ; 
which line need not be one ſingle line, but may 
be turned at one or more Angles, provided that it 
lie (all the parts of it) totally in the Superficics of 
the Horizon. 

Secondly , With a perpendicular thred held up, pro- 
ject the Sun into the aſſigned Point, and into the 
Horizontal thred, and ſtick in a Pin, or make a mark 
upon the ſame Zorizontal-line, through which the 
ſhadow cutteth, and at the fame inſtant allo, take the 
Sun's Altitude. 

Thirdly, By the Altitude taken find out the Sun's 
Azimuth ; this Azimuth, what ever it be, 1s repreſen- 
ted by the mark formerly made in the F7orizontal-line 
or thred. 

Fourthly, Apply a Paiſt-Board to the aſſigned Point, 
and hold it flat, that it may anſwer to the Zorizontal- 
thred alſo ; and upon this Paiſt-board protract your 4:z#- 
wmuth ty a thred extended from-the Point aſſigned for the 
Centre to the mark upon the orizontal thred. Which | 
done, 

Fifthly, By help of that Azimuth upon the Paiſt-board 
protract the Meridian Line, obſerving the truc Coaſt, and 
quantity of the Angle from the Azimuth; and to the Me- 
_ thus found , deſcribe an Horizontal Dial for the 
Place. 

Sixthly, Apply the Paiſt-board to it's place again , 
all things ſtanding right as before ; project all the 
Hours into the. ' //orizontal-thred from off the Paiſt- 
board, and ſet marks upon the fame Line; for 
the 
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the Points of each ſeveral Hour, which marks may 
be little Knots to flip too and fro upon the ſame 
thred. 

Seventhly, Project the Meridian Point by a perpen- 
dicular Thred upon ſome Object, into that place where- 
abouts you imagine the Axis of the World would pals, 
above or below , from the Point aſſigned for the 
Centre. 

Eightly, With your Semi-circle, (or a String and 
Quadrant, ) elevated or depreſſed, (as it ſhall be rc- 
quired, ) from the Point aſſigned tor the Centre, ac- 
cording to your Latitude, projet the Pole of tic 
World. 

Ninthly, Extend a Thred from the Point aſſigned for 
the Centre to the Poles of the World, which ſhall repre- 
lent the Axis. 

Tenthly, By the Point upon the 7ſorizonta! Thred, 
and this Axis, ( cither by your Eye, laying the Axis 
to the Hour Points, or laying the Hour Knots to the 
Axis,) you may project all the Hours, and draw 
them :———— Or <clle you may let the Axis alone, and 
content your ſelf with the Pole point projected into 
the Meridian : For if from the Point alligncd to be 
the Centre or meeting of the Hours, and Axis, 
you extend a Thred to cach Hour Point in the Z/ori- 
zontal Line, and do repoſe ( with your Eye) the fame 
Thred upon the Pole Points; then ſhall the ſhadow of 
the Thred give you that Hour-line; and do fo in all 
the reſt. 

Eleventhly, Your Thred, or Axis lying in it's true 
ſituation , you may caſily fit an Ax1s to the fame po- 
ſture. If your Dial be deſcribed upon a plain Super- 
ficies, you may then (by one fide of a Square, ap- 
plied to the Thred, or Axis, and the other fide lying 
upon the Plain) find out the S«//ti/e, and meature trom 
it the Elevation of the Axis above the Plain Buc 
it 
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if the Dial be deſcribed upon a Curved Superficies, you 

- muſt be content to ſet up your Axis by the diretion of 
the 'Chred only. 

Twelfthly , This point aſſigned for the Centre, be- 
ing a Point of the Axjs,is, 2s tt were, the Apex of the 
Griomon, unto which all the Work is projeted: Butif 
it be required to ſet up an Axis to fuch a Superficies up- 
on which the Hours and Axis will not meet in any 
tolerable manner, becauſe perhaps the 4xis may be but 
of very ſmall Elevation above the Superficies, and yet 
an Axis is required, in this caſe ſet up any point (of 
W irc, or ſuch like) of fuch diſtance from the Superficies, 
as that the Hours and Axis may -be- diſtindt , and 
through that point let. it be required to make the Axis 
pals ; you have no more to doe but only to project to this 
point as betore,by letting the ſhadow of a perpendicwar thred 
paſs through that point, and noting theſame upon the Z7o- 
rizontal thred, and counting that end of the Wire as your 
Centre, proceed as before ; for the thred that lies to projet 
the Hours is a pattern for the Ax7s. 


This Way is general, ſerving to project the Hour-lines 
upon many Superficies, be they Plain or Curved, and 
however ſituate, whether contiguous or ſeparate, and 
that without any laborious inquifition of any of their 
ſituations in reſpeC& of Declination, Reclination, or 
Inclination. 


— 


CHAP. VIIL 


How from a Glaſs, Horizontally placed, to Reflect-hours upon a- 
ny Superficies Flat or Curved, one or more. 


|» Irſt, The Glaſs being placed truly Forizontal, obſerve 
the ſpot of Light that the Sun caſts, and make a 

Mark at it. | 

Secondly, 


+ Secondly, And obſerye immediately the Sun's 4/titude, 
and find the Azimuth. 

Thirdly, Then extend an #orizontal thred in the fame 
Level with the Glaſs, but withig the Room. - 

Fourthly, Proje@ the Azimuth intothe Horizontal thred, 
by holding up a perpendicular thred in ſuch a place, that 
though it hang at li yeu may at once diſcern both the 
mark of the ſpot of Light and the Ghaſs likewiſe ; and then 
obſerve where you! 914g 1 thred gems to cut the /7o- 
rizontal thred, and at that apparent interſetion make a 
mark upon the Forizontal thred for the Azimnth. 

Fifthly, Apply a Paiſt-board to the Glaſs, ſo that it may 
be ſtayed upon ſome reſt, that aſfer it. is taken away it 
may be reſtored to it's place again with all exatneſs : Let 
it be allo placed Horizontally, fo that it may have fullre- 
lation to the Zorizontal thred. X 

Sixthly, At the Glaſs's Centre make a point for the- 
Centre upon the Paiſt-board, and extending a thred from 
the Centre of the Paiſt-board to rhe mark of the Azimuth 
upon the Horizontal thred, draw upon the Paiſt-board that 
line which the extended thred figures out thereupon ; at- 
terwardsunto the fame Azimuth upon the Paiſt-board draw 
a Meridian line, and to it an Horizontal-Dial; and applying 
the Paiſt-board again to it's firſt fituation,proje& the hours 
thereon unto the Horizontalthred, and there make marks 
or knots. 

Seventhly, Then projet the Meridian (by a perpendicu- 
lar thred,-covering, in appearance, both the Knot at 12, 
and the Glaſs) unto the contrary Coaſt to that wherein 
the Pole is elevated above the #orizon ; that is to ſay, in 
our Northern Climates, you muſt proje& the Meridian 
Southward from the Glaſs, becauſe the North Pole is eleva- 
ted : And in the Meridian, elevate your Semi-circle, or Ex- 
tend a thred and quadrant from the Glaſs Southwards till the 
Plummet fall upon your Latitude, ſo ſhall it point out, up- 


on ſome Object ſet to receive it, the North Pole reflected. 


Or 
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'Or elſe, if this be not convenient (becauſe in Windows 
which look towards the South, the North Pole will be 
without the Room, and ſo the Axis above theGlals ex- 
tended towards that Pole will be without alſo) you 
may in ſuch Caſes. find out the oppoſite Pole to it, that 
is to ſay, that Pole which the former refleted Axis, 
being extended through the Glaſs, and below it, would 
ſign out, and that may be effeted in this manner. 


Eighthly, Project the Meridian Line towards the Pole 
that 1s elevated, that is with us, towards the North Pole ; 
and then (becauſe the North Pole is elevated by refle&tion 
towards the South, ſo, by the ſame reaſon, the South Pole 
muſt be depreſſed towards the North) by your Semi-circle, 
or ſtring and quadrant, dire&ted even with the Centre of 
the Glaſs, expreſsor proje&t your Latitude downwards, (but 
towards the North,) ſo ſhall the Semi-circle, or thred, point 
out the reflected South Pole in the Meridian. Now, whe- 
ther you will, or can, (moſt conveniently,) uſe the refleted 
North Pole above the Glaſs, or the reflected South Pole be- 
low it, you are to take your Choice, for both the one, and 
the other of thgm do repreſent the reflected Axis of the 
World. 

Ninthly,By this refle&ted Axis, and the Hour points ſign- 
ed out upon the Horizontal thred, you may eaſily Project 
the reflected Hours, upon any kind of Superficies, one or 
more, whatever they be, that ſtand in the way. 
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